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Recently five Ωc excited states have been reported by the LHCb Collaboration,
four of them corroborated by Belle. The Belle Collaboration has also discov-
ered in 2017 one excited Ξc with mass of 2930 MeV. In view of these recent
detections, we analyze the possible molecular description of these states, using
a unitarized baryon-meson model that incorporates both chiral and heavy-
quark spin symmetries in a consistent manner. We pay a special attention
to the renormalization procedure, so as to determine the robustness of our
predictions. Within our model, we generate dynamically several Ωc and Ξc
states. We find that, at least, three of our Ωc states can be identified with
the experimental ones and have spin-parity J = 1/2− or J = 3/2−. More-
over, we find a plausible molecular description of not only the Ξc(2930) state,
but also Ξc(2790), Ξc(2815) and Ξc(2970), reported in the PDG. Interestingly,
we determine that Ξc(2930) and Ξc(2970) are heavy-quark spin partners with
J = 1/2− and J = 3/2−, respectively, while obtaining that Ξc(2930), Ωc(3090)
or the Ωc(3119), and Σc(2800) would belong to the same SU(3) multiplet.
Keywords: unitarized baryon-meson model, charmed baryonic excited states,
heavy-quark spin symmetry
1. Introduction
The study of charmed baryonic excited states has been a matter of high
interest over the past years in view of several recent discoveries. The LHCb
Collaboration has reported the existence of five Ωc excited states in the
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Ξ+c K
− spectrum in pp collisions1, four of them confirmed by the Belle
Collaboration2. Also, the Ξc(2930) state has been determined by Belle
3 in
its decay to Λ+c K
− from B− → K−Λ+c Λ¯−c . Other excited Ξc states are
reported around 3 GeV, such as Ξc(2790), Ξc(2815) and Ξc(2970)
4.
The understanding of the nature of these newly discovered states have
triggered an important theoretical effort within molecular baryon-meson
models5–9, and, in particular, within a model that fully respects heavy-
quark spin symmetry (HQSS), which is a proper QCD symmetry in the
limit of large quark masses10–16. The starting point is a SU(6)lsf × HQSS
extension of the Weinberg-Tomozawa (WT) interaction, with ”lsf” indicat-
ing the light quark-spin-flavor symmetry. In Ref. 12 five Ωc states were
generated dynamically, three J = 1/2 and two J = 3/2 bound states, stem-
ming from the most attractive SU(6)lsf× HQSS representations, but with
masses below the LHCb predictions. Also, within the same model, nine
Ξc were obtained, below or close in mass to the experimental Ξc(2790) and
Ξc(2815) states, while being far below in mass from Ξc(2930) and Ξc(2970).
All these predictions of masses, however, depend on the adopted renor-
malization scheme (RS). In Refs. (17, 18) we have revisited the RS used in
Ref. 12. We have payed a special attention to the flavor-symmetry content
of the SU(6)lsf × HQSS model in order to determine the possible HQSS
partners and siblings among the experimental states while predicting new
ones. In the present work we summarize the results of Refs. (17, 18) on the
Ωc and Ξc sectors.
2. Formalism
We solve the Bethe-Salpeter equation in the on-shell approximation for the
scattering amplitude (T J) for a total angular momentum J as
T J(s) =
1
1− V J (s)GJ (s)V
J(s), (1)
with V J being the S-wave baryon-meson potential resulting from the
SU(6)lsf × HQSS WT interaction between pseudoscalar or vector mesons
and the low-lying 1/2+ or 3/2+ baryons. The diagonal GJ (s) matrix con-
tains the baryon-meson loop functions for each channel i, that is,
Gi(s) = Gi(s) +Gi(si+). (2)
These are logarithmically ultraviolet (UV) divergent, and need to be renor-
malized. The finite part, Gi(s) is obtained from Ref. 19, whereas the diver-
gent contribution, Gi(si+), can be renormalized, either by one subtraction
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at certain scale (
√
s = µ)
Gµi (s) = Gi(s)−Gi(µ2), (3)
or using a sharp-cutoff regulator Λ in momentum space, that is,
GΛi (s) = Gi(s) +G
Λ
i (si+). (4)
The excited Ωc and Ξc states are obtained as poles of the scattering
amplitudes in each J sector (see Refs. (12, 17, 18) for details).
3. Results
3.1. Ωc excited states
In Ref. 12 five excited Ωc states with J = 1/2
− and J = 3/2− were
found, with masses below 3 GeV, thus, being difficult to identify them
with the LHCb results. These states were obtained renormalizing with
one-substraction at a certain scale. In order to study the dependence of
our results on the RS and the possible identification with the experimental
observations, we employ a common UV cutoff for all baryon-meson loops
within a reasonable range. In this way we avoid any uncontrolled reduction
of a loop and an arbitrary change of the subtraction constants.
First we need to follow the original Ωc states in the complex energy
plane as we modify our prescription from one-subtraction to a common UV
cutoff renormalization. Hence, we change each loop function by
Gi(s) = Gi(s)− (1 − x)Gi(µ2) + xGΛi (si+), (5)
with x moving adiabatically from 0 to 1. In this manner and by varying the
value of UV cutoff, we find that (probably) at least three of the experimental
states can be identified with three of our Ωc
17. As an example, for Λ = 1090
MeV, we identify the experimental Ωc(3000) and Ωc(3090)/Ωc(3119) with
two of our 1/2− states, and Ωc(3050) with one of our 3/2
−. Also, Ωc(3000)
and Ωc(3050) would be members of the same SU(6)lsf × HQSS multiplet17.
Other models have also determined the molecular nature of some of the
experimental Ωc states. In particular, in Ref. 5 the Ωc(3050) and Ωc(3090)
were identified as 1/2− states. In Ref. 6 the Ωc(3050) and Ωc(3090) were
also obtained as 1/2− states, due to the use of the same interaction for J =
1/2 as Ref. 5, whereas the experimental Ωc(3119) was obtained with 3/2
−.
The difference between the predictions of our model and these schemes
comes from a different RS as well as different interactions for the channels
involving D, D∗ and light vector mesons with baryons, that are not fixed
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by chiral or HQSS symmetries. With regards to a broad structure around
3188 MeV determined by LHCb1, our results differ from those of Ref. 7, as
we cannot make any identification, since this state would come from a less
attractive SU(6)lsf×HQSS representation. Also the prediction of Ref. 8 of
a loosely bound molecule of 3140 MeV is not confirmed in our model, as in
Ref. 8 the Ξ(∗)D(∗) channels were not considered.
3.2. Ξc excited states
In the Ξc sector we proceed in a similar way as done for the Ωc states by
revising the results of Ref. 12. There, nine states were obtained with masses
below or close to the experimental Ξc(2790)/Ξc(2815) states, while being
far below in mass with respect to Ξc(2930)/Ξc(2970). Now we identify our
Ξc states in the cutoff scheme and assess the dependence of our predictions
on the value of the cutoff.
In this manner, we arrive to several conclusions, extensively discussed in
Ref. 18. We find that the experimental Ξc(2790), Ξc(2815), Ξc(2930) and
Ξc(2970) states can be described as molecules. In particular, we determine
that the Ξc(2790) state has a large molecular ΛcK¯ component, with a dom-
inant jpildof = 0
− configuration for the light degrees of freedom (ldof). We
find that Ξc(2790) could be the sibling of the narrow Λc(2595) in the dou-
ble pole description of the Λc(2595). We determine that the 3/2
− Λc(2625)
and Ξc(2815) states cannot be SU(3) siblings, in particular given the fact
that Λc(2625) is probably a constituent three quark state
20,21. Moreover,
we predict the existence of other Ξc−states, not experimentally detected
yet, being one of them the sibling of the wide Λc(2595). Interestingly,
the recently discovered Ξc(2930) and Ξc(2970) are HQSS partners. The
Ξc(2930) would belong to a SU(3) sextet, where there is also a Ωc state.
This state would correspond to either the experimental Ωc(3090) or the
Ωc(3119), given their decay channels. Assuming the equal spacing rule, we
determine a J = 1/2− Σc state around 2800 MeV that will complete the
sextet and fits clearly with the experimental Σc(2800)
4.
The description of the excited Ξc states determined by the local hidden
gauge model of Ref. 9 is again different to ours due to the distinct RS and
the interactions involving D and D∗ and light vector mesons with baryons.
4. Conclusions
In view of the recent observation of excited Ωc and Ξc states by the LHCb
and Belle Collaborations, we have explored their possible interpretation as
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molecular states. We have used a coupled-channel unitarized model based
on a SU(6)lsf×HQSS-extended WT baryon-meson interaction, revising the
predictions of Ref. 12. The present work is a summary of Refs. (17, 18).
With regards to the five Ωc excited states, we conclude that (probably)
at least three of the states observed by LHCb have spin-parity J = 1/2− and
J = 3/2−. Also, we find that Ξc(2790), Ξc(2815), Ξc(2930) and Ξc(2970)
states can be described as molecules. Interestingly, Ξc(2930) and Ξc(2970)
would be HQSS partners, and Ξc(2930) would be part of a SU(3) sextet con-
taining either the Ωc(3090) or the Ωc(3119), and that would be completed
by the experimental Σc(2800).
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